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ABSTRACT 
 
This paper describes modern software based 
flexible  measuring  systems  for  analysis  of 
digitally  modulated  systems.  The  latest 
methods  for  evaluation  of  modulation 
parameters  using  new  generation  test 
systems based on PXI modular platform and 
graphical  programming  in  LabVIEW  are 
demonstrated.  Authors  concentrate  on  the 
most  widely  used  modulation  technique 
used  in  radio  communication  systems  - 
QPSK.  On  the  real  measurement  of  the 
QPSK  modulation  parameters,  authors 
attempt to make the readers acquainted with 
not  very  widespread  synthetic  measuring 
instruments  in  the  application  area  of 
wireless transfer systems. The basic idea of 
functionality  of  these  instruments  comes 
from  the  definition  of  the  software  radio. 
Experiments  themselves  demonstrate  the 
fundamental differences in the conception of 
traditional  and  synthetic  instrumentation. 
The  focus  is  mainly  on  the  different 
understanding of the key component in the 
form  of  software  and  hardware  for  both 
investigated platforms. 
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1 INTRODUCTION 
 
This paper describes the basic concept of 
not  very  widespread  synthetic 
instruments  in  the  application  field  of 
advanced wireless transmission systems 
[4]. The idea of the functionality of such 
instruments is based on the definition of 
software  radio  [9]  that  understands  the 
hardware transfer system as a universal, 
generally  conceived  device.  The  key 
functional  element  of  the  transmission 
system  is  software that can be flexibly 
changed according to users needs. Such 
a  device  may  be  designed  on  a  PXI-
based modular system [9] using one of 
the  developmental  environment.  A 
functional  wireless  trasmission  system 
was  designed  and  implemented  on  this 
modern  platform.  The  software  of  this 
general  communication  string-based[5] 
system was developed using the flexible 
programming  language  G[5]  with 
extensive function libraries of LabView. 
The  system  consists  of  two  standalone 
parts:  the  transmitter  and  the  receiver. 
Both transmitter and receiver enable one 
to configure the parameters of a digitally 
modulated  signal  so  that  these  devices 
were  able  to  demonstrate  basic 
principles  of  wireless  transmission  of 
data for different systems with no need 
to  change  the  hardware  device.  The 
system  functionality  was  verified  by 
208
International Journal of Digital Information and Wireless Communications (IJDIWC) 2(3): 208-221
The Society of Digital Information and Wireless Communications, 2012 (ISSN: 2225-658X)comparison  with  the  reference  signal 
generator and analyzer.  
 
2 THE YEAR 2012 SITUATION 
 
Nowadays,  almost  everyone  owns  a 
mobile phone or a MP3 player. Our cars 
are  equipped  with  modern  navigation 
systems,  which  allow  a  wide  range  of 
additional  services.  These  modern 
devices  often  use  many  different 
technologies  to  offer  customers  a  wide 
array  of  functionality.  Figure  1 
graphically  illustrates  how  many 
functions  can  be  included  in  on  board 
system  in  our  car.  This  system,  in 
addition to the traditional processing of 
music from CDs and DVDs, is able to 
communicate  with  various  mobile 
devices, PDA, GPS navigation, personal 
computers,  anti-theft  system,  wireless 
network,  mobile  storage,  VOIP, 
immediate  communication,  on-board 
telephone,  multi-media  entertainment, 
and visible reverse parking sensor. 
 
 
Figure 1.  Increasing Complexity - Converging 
Technologies. 
For  example,  modern  mobile  phones 
already include standard features such as 
GPS,  video,  audio,  Internet  access. 
Figure 2 shows a variety  of measuring 
instruments,  which  design  and  test 
engineers  need  for  the  development, 
servicing  and  testing  such  modern 
appliances.  To  ensure  the  correct 
functions  in  such  complex  devices, 
engineers  must  develop  flexible  test 
systems  that  support  a  wide  range  of 
measurements.  The  test  system  should 
be  sufficiently  extensible  and  should 
allow  additional  tests  to  support  new 
functionality. 
 
 
Figure 2.  Engineer’s Dilemma. 
Clearly  a  more  flexible,  scalable  and 
adaptable  test  and  measurement 
architecture  is  required  to  keep  test 
system cost from proportionally scaling 
with  device  functionality.  Since  device 
functionality  is  being  driven  by  the 
exponential increases in component and 
system-on-chip (SOC) transistor density, 
see  [8],  it  is  not  economically  feasible 
for  the  test  system  cost  to  scale 
exponentially  to  meet  the  new 
functionality. 
 
Figure 3.  Evolving Wireless Standards. 
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more  communications  standards  than 
ever before. Consumers are benefiting as 
more uses for wireless technology find 
their  way  into  everyday  life.  However, 
device  manufacturers  are  struggling  to 
embed  a  plethora  of  applications  on  a 
single  wireless  device  supported  by  a 
multitude  of  wireless  standards  (Figure 
3) [8].  
 
“I do not think that the wireless waves I 
have discovered will have any practical 
application.”  -  Heinrich  Rudolf  Hertz 
(1857−1894) [4].  
 
3 STANDALONE INSTRUMENTS 
VS. SYNTHETIC INSTRUMENTS 
 
Modern flexible measuring systems are 
designed to best meet the needs of end 
users.  The  development  of  measuring 
hardware worldwide follows the trend of 
increasing  flexibility  of  the  measuring 
systems, as discussed at [2]. 
3.1 Standalone Instruments 
 
As  we  speak  about  the  traditional 
measuring  instruments,  we  mean  high 
sophisticated  devices  whose  functions 
are  most  often  defined  by  the 
manufacturer.  These  measuring 
instruments  are  used  mostly  separately 
with limited connectivity; orientation of 
such devices is specific to the function. 
Hardware is  a key component  and this 
results into the high cost of production 
and  application  repeatability. 
Architecture  of  such  measuring 
instruments is closed and uses a fixed set 
of  functions.  Figure  4  shows  the  most 
common classical measuring devices. 
 
 
Figure 4.  Measuring devices from the classical 
instrumentation age. 
3.2 Synthetic Instruments 
 
Philosophy  of  synthetic  measuring 
instruments is very progressive, since it 
allows to design devices while keeping 
the performance parameters of classical 
measuring  instruments.  The  devices 
designed  this  way  exactly  match  the 
requirements of user, as the functions are 
implemented  in  the  software  and  are 
defined by the user. Software is then a 
key  component.  Figure  5  depicts 
synthetic measuring instruments [5]. 
 
Figure  5.    Measuring  instruments  based  on 
synthetic instrumentation. 
3.3 Synthetic Instruments 
 
The  core  of  synthetic  instrument  is 
completion  of  an  open  architecture  of 
personal  computer  by  what  it  lacks  in 
order to fulfill the role of the measuring 
instrument.  There  are  used  plug-in 
multifunction  cards  equipped  with 
connector for inserting the card into the 
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bus)  [8].  The  key  component  of 
measuring system is the software part - 
program  that  provides  all  measuring 
device’s functions and performs the role 
of the measuring device firmware. This 
approach  prevents  hardware  duplicity 
that occurs when the measuring device is 
connected to the computer [8]. 
 
Figure  6.  NI  Wireless  test  platform  has 
demarcation between the hardware and software. 
Synthetic  instruments  retain  all  the 
benefits of PC - a standard medium for 
storing the measured data (Flash discs, 
DVD, etc.), connectivity for peripherals 
(printer,  modem),  connectivity  to 
computer  networks  and  the  ability  to 
share  the  measured  data,  or  remote 
control  of  the  device.  In  addition,  its 
functionality  can  be  easily  changed  by 
modifying the SW application [10].  
3.4 PXI Modular System 
 
Most  of  synthetic  instrumentation  test 
systems  based  on  synthetic 
instrumentation  use  the  PXI  platform 
today. Acronym PXI is derived from the 
PCI extension for Instrumentation. PXI 
modular  platform  based  on  PC-based. 
PXI systems combine a PC with a PCI 
resistant  Eurocard  mechanical  modular 
implementation.  The  main  benefit  of 
PXI  concept  consists  in  reducing  costs 
and space requirements while increasing 
flexibility and durability of test system. 
Therefore,  it  is  ideally  suited  for 
building  a  new  generation  of  test 
systems  that  are  constantly  evolving. 
Moreover, because of the modular nature 
of  PXI,  you  can  update  individual 
modules  and  components  without 
replacing  the  entire  system.  The  latest 
modules for PXI systems are based on 
PXI  Express  standard.  It  allows  to 
achieve more permanent streams of data 
than with any other standard equipment. 
Such concept is ideal for use in solving 
of  test  and  measuring  problems  in  the 
laboratories and industry, see [9]. 
3.5 Different conception of traditional 
and synthetic instruments 
 
It is clear that the synthetic instruments 
are  largely  based  on  traditional 
instruments.  There  is  therefore  no 
coincidence that they have many of the 
same  components,  it  is  essentially: 
measuring  hardware,  cabinets,  power 
supply, bus, processor, operating system 
and  user  interface.  Thus,  we  slowly 
came  to  the  basic  differences  between 
synthetic  and  traditional  instruments. 
Traditional  single  device  or  all 
components  are  placed  in  one  box  for 
each  device  individually.  The 
functionality  of  measurement,  analysis, 
display  and control devices is  intended 
by  the  manufacturer.  The  user  is 
therefore  limited  to  a  single-function 
meter and it is very  difficult to  extend 
the  functionality  of  the  measuring 
instrument. For some instruments, such 
extension  is  not  possible  at  all.  By 
contrast,  software-defined  synthetic 
instrument  provides  access  to  the 
unadjusted  data  from  the  hardware  to 
users  who  can  define  their  own 
measurement  and  user  interface  see 
[10].These  facts  are  demonstrated  in 
Figure 7.  
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Figure 7.  The architectural components of traditional instruments (left) and synthetic instruments (right). 
 
Users  can  perform  their  own  adjusted 
measurements  using  this  software-
defined  approach.  Not  only 
measurements for emerging standards – 
they  can  even  modify  the  system  if 
requirements  in  standards  change  (they 
can also add instruments, channels and 
measurements  into  measuring  system). 
Figure 7 demonstrates different concepts 
of  traditional  and  synthetic  measuring 
instruments.  
 
Figure 8.  Different concepts of traditional and 
synthetic measuring devices. 
Red color indicates the key component 
that  forms  the  basis  of  the  measuring 
instrument.  Architectures  of  both 
traditional  and  synthetic  instruments 
have  similar  hardware  components. 
Main  difference  between  those 
architectures  is  the  location  of  the 
software and its accessibility to users. 
Traditional  or  standalone  instruments 
have  the  all  the  components  for  one 
instrument in one case.  Functionality of 
measuring,  analysis,  displays  and 
controllers  of  the  instrument  are 
determined  by  the  manufacturer.  The 
user  is  therefore  limited  from  such 
dedicated devices, whose capabilities are 
almost  unextendable.  In  contrast, 
software-defined  synthetic  instrument 
provides  access  to  raw  data  from 
hardware to users who can define their 
own measuring and user interface. 
212
International Journal of Digital Information and Wireless Communications (IJDIWC) 2(3): 208-221
The Society of Digital Information and Wireless Communications, 2012 (ISSN: 2225-658X)4 QPSK MODULATION 
 
Many  of  modern  communication 
systems  are  based  on  wireless 
technologies which use different digital 
modulation  techniques.  In  digital 
modulation,  an  analog  carrier  signal  is 
modulated by a digital bit stream. Digital 
modulation  methods  can  be  considered 
as digital-to-analog conversion, and the 
corresponding demodulation or detection 
as  analog-to-digital  conversion.  The 
changes in the carrier signal are chosen 
from  a  finite  number  of  M  alternative 
symbols (the modulation alphabet). 
In the case of PSK modulation method, a 
finite  number  of  phases  are  used.  The 
most often used method is QPSK, which 
uses  4  alternative  symbols  (4  different 
phases of analog carrier signal). Phase of 
carrier:    π/4,  3π/4,  5π/4,  7π/4  –  with 
these four phases, QPSK can encode two 
bits per symbol [1]. The symbol rate for 
QPSK is half the bit rate, twice as much 
data  can  be  transmitted  in  the  same 
channel  bandwidth  as  compared  to 
BPSK.  QPSK  can  be  filtered  using 
raised cosine filters to achieve excellent 
out of band suppression [2]. 
Types of QPSK: 
  Conventional  QPSK  has 
transitions  through  zero  (i.e. 
180  phase  transition).  Highly 
linear  amplifier  required,  see 
figure 2(a). 
  In  Offset  QPSK,  the 
transitions  on  the  I  and  Q 
channels are staggered. Phase 
transitions  are  therefore 
limited to 90. 
  In  π/4-QPSK  the  set  of 
constellation  points  are 
toggled  each  symbol,  so 
transitions  through  zero 
cannot  occur.  This  scheme 
produces the lowest envelope 
variations. 
  All  QPSK  schemes  require 
linear power amplifiers. 
 
 
Figure  9.  a)  Conventional  QPSK.  b)  Offset 
QPSK. c) π/4-QPSK 
5.1 Probability of Error Receive  
 
Frequency  bands  are  limited  and  the 
number  of  users  with  the  need  to  use 
them is constantly increasing. Multistate 
digital  modulation  allows  transferring 
much more information in the bandwidth 
than simple digital modulation. 
In  theoretical  calculations  the  additive 
white  Gaussian  noise  AWGN  [3]  is 
assumed  as  the  only  source  of 
interference. However, the probability of 
error  receive  is  actually  greater.  This 
may be caused by the following factors: 
  First,  the  imperfect  frequency 
filtering  in  the  transmitter  or 
receiver.  
  Second,  the  phase  noise  of 
oscillators, which are used for the 
generation  of  modulated  signals 
and non-linear amplifier.  
  Third, the wave propagation for 
multiple paths and the associated 
types of leaks.  
The  real  error  rate  could  be 
approximately  reached  by  considering 
all  of  these  interferences  while 
calculating the error probability, but  in 
most cases the error rate is detected by 
direct  measurement  of  bit  error  rate 
(BER)  [12].  Noise  is  considered  as  a 
random signal, while it is not possible to 
determine  its  value  at  the  random 
moment. 
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calculating of error rate probability are 
usually  expressed  by  complementary 
error  function  erfc(x),  complementary 
distribution function Q(x) or distribution 
function  F(x)  [6].  The  conversion 
between  the  most  widely  used  erfc(x) 
and  Q(x)  function  is  expressed  by  the 
following formula [7]: 
 

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x
erfc x Q                             (1) 
 
In  formulas  there  is  a  variable  ε  (2), 
which represents the average transmitted 
energy  spent  per  bit,  relative  to  the 
average energy of noise [1]. This value 
corresponds  with  standardized  ratio 
Eb/N0  (energy  per  bit  to  noise  power 
spectral  density).  The  dimensionless 
quantity  Eb/N0  is  independent  of  the 
modulation  method  and  expresses  the 
rate  ratio  of  the  useful  signal  in  the 
received signal [6], [5]: 
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where: Eb – mean value of energy per 
bit, No - power spectral density of noise. 
 
5.2 PSK Modulation 
 
The  resulting  formula  of  error 
probability for PSK is  the same  as  for 
QPSK modulation [6]: 
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where: Pe – probability of bit error, P - 
mean power of signal, Tb - time duration 
of binary symbol. 
For  multistate  variants  of  keying  the 
following  formula  for  the  error  rate  of 
symbols is applicable then [2], [4], [6]: 
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where: Ps – probability of symbol error, 
Es - mean value of energy per symbol, 
Es  /  No  -  standardized  signal-to-noise 
ratio related to the energy per symbol. 
For the bit error rate the formula (5) is 
relevant. More detail in [6]: 
 













 
M N
M E
erfc
M
P
b
e

sin .
log
log
1
0
2
2  (5) 
 
5 MEASURING PARAMETERS OF 
QPSK MODULATION 
 
Measurements  were  made  on  two 
different  platforms.  The  standalone 
measuring  instrument  and  the  software 
based  flexible  synthetic  measuring 
instrument  based  on  a  modular  PXI 
platform  were  used.  The  aim  of 
measurement  was  to  verify  whether 
these two measuring platforms are equal 
in precision of measurement results and 
precision of generated signals. 
Generators of both apparatus were set as 
follows: 
  the reference level of RF carrier 
signal  -20dB 
  the  frequency  of  carrier  signal 
1.96 GHz 
  modulated signal bandwidth 3.84 
MHz 
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In  the  first  part  the  ideal  signal  was 
generated.  The  results  from  this 
measurement  are  in  Table  1.  In  the 
second  part  of  the  measurement  the 
impairment  of  generated  signal  in  the 
form of additional noise was used. The 
SNR  on  the  generator  was  decreased 
until the value of error vector magnitude 
has  raised  by  10  %.  The  same  results 
were  evaluated  as  for  ideal  signal 
without additional noise.    
5.1 Standalone Instruments 
 
First  we  performed  described 
measurement  using  conventional 
standalone measuring devices Rohde & 
Schwarz.  We  used  the  following 
measuring instruments:  
1.  Signal  Generator  Rohde  & 
Schwarz SMU 200A 
2.  Signal  Analyzers  Rohde  & 
Schwarz FSQ 8 
For details, see [6], [7]. Both generator 
and  analyzer  were  connected  and 
configured according to instructions and 
manufacturer's  recommendations. 
Generator  and  analyzer  were 
interconnected by 50Ω coaxial cable, as 
shown in Figure 10.  
 
Figure  10.  Standalone  measuring  instruments 
from Rohde & Schwarz (Signal Generator SMU 
200A and Signal Analyzers FSQ 8). 
 
The reading of measured values is very 
intuitive.  Measuring  instruments  are 
ready  to  use  immediately  after  loading 
the  program.  For  configuration  of 
generator and analyzer is  necessary set 
the following parameters:  
  System bandwidth 3,84MHz 
  Carrier Frequency 1,96 GHz 
  Reference level -20dB 
  Symbol rate 2,625 MHz 
  Filter  Root  Raised  Cosine  α  = 
0,33 
In  addition  to  the  above  described 
parameters it is still necessary to set the 
type  of  modulation  method  which  is 
used. If the analyzer has been configured 
for  wrong  type  of  signal  modulation 
incorrect mapping symbols are received 
and the measured values are useless. The 
screen  of  the  analyzer  is  divided  into 
three  parts  during  the  measurement. 
Graphical  presentation  of the measured 
signal  (constellation  diagram)  and  the 
table with the measured values, menu for 
control device are shown in Figure 10. 
Results of measurements which has been 
done  were  saved  in  the  form  of  Print 
Screen  to  memory.  Results  of 
measurements are discussed in  Chapter 
6.3.  
5.2 Synthetic Instruments 
 
Next measurements were realized by the 
measuring  system  based  on  a  new 
approach to measurement using software 
defined  flexible  synthetic  instruments. 
The  main  reason  of  this  article  is 
objective  comparison  of  classical 
standalone  and  software  defined 
synthetic  instruments  in  practical 
problems,  which  were  currently 
measured.  
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Figure  11.  Software  based  measuring 
instruments  from  NI  (PXI  Vector  signal 
generator & Vector signal analyzer). 
For actual measurements were used two 
PXI modular systems with the following 
components:  
a)  Flexible  Vector  Signal 
Generator NI PXI 
  Eight-slot  PXI  chassis,  NI 
1042Q 
  Upkonvertor NI PXI 5610 
  Generator NI PXI 5421 
 
 
b)  Flexible Vector Signal Analyzer  
NI PXI 
  Eight-slot chassis 1042 
  Downkonvertor NI PXI 5600 
  Digitizer NI PXI 5142 
Vector signal generator and vector signal 
analyzer  were  interconnected  by  50Ω 
coaxial  cable.  The  measuring 
instruments can be seen in Figure 11.  
The  nature  of  software  defined 
measurement systems based on synthetic 
instrumentation  is  using  of  appropriate 
software  for  general  HW  platform. 
Graphical  development  environment 
LabVIEW  was  used  for  creation  of 
firmware  for  these  measuring 
instruments.  In  Figure  12  is  the  front 
panel  for  configuring  of  vector  signal 
generator. 
 
 
Figure 12.  Front-panel signal generator. 
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The main objective of the experiments was 
to  obtain  real  results  (measuring  the 
parameters of QPSK modulation), which the 
authors  could  use  to  substantiate 
functionality  of  the  proposed  wireless 
system which was implemented on the NI-
PXI platform. As a source of real reference 
values  was  used  the  Rohde&Schwarz 
measuring equipment. 
6.1 Classical Instruments 
 
First, we evaluated the results achieved 
by  using  of  classical  standalone 
measuring  instruments.  As  already 
mentioned  in  the  previous  chapter, 
parameters of QPSK modulation system, 
were  carried  out  in  two  ways.  Results 
obtained  for  generated  ideal  signal  are 
summarized in Figure 13. In the second 
part  of  the  measurements  were  set  the 
impairments in the form of decreasing of 
SNR  on  vector  signal  generator.  The 
results  of  these  measurements  are 
summarized in Figure 14. In additional 
to the output in terms of values, which 
are  listed  in  Table  1,  the  standalone 
analyzer has the ability to show results 
in the form of constellation diagram. It 
displays the signal as a two-dimensional 
scatter diagram in the complex plane at 
symbol sampling instants. Constellation 
diagram  shows  in  the  IQ  plane  only 
individual states, which are the result of 
both  modulation  components.  It  is 
similar to the phase diagram,  however, 
only  the  endpoint  phase  as  repeatedly 
captured in moments of decision, when 
the signal is sampled. From constellation 
diagram you can evaluate different types 
of  modulated  signal  degradation.  In 
Figure  13,  we  observe  constellation 
diagram  for  measuring  of  generated 
ideal  signal,  in  Figure  14,  we  observe 
constellation  diagram  of  di  case  of 
impairments by worse SNR. 
 
 
 
Figure 13. Results obtained for generated ideal signal (Constellations diagram and Modulation Accuracy). 
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Figure 14. Results obtained and constellations diagram in the form of signal degradation in SNR. 
 
6.2 Synthetic Instruments 
 
The  same  results  obtained  by  using 
software  based  measuring  instruments 
are summarized in Table No. 2. 
Figure 16 is shown as the Constellation 
diagrams for an ideal signal generation 
and signal degraded.  
 
 
Figure 15.  Front - panel signal analyzer.
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Figure 16. Constellation diagram a) ideal generated signal, b) signal with degradation in SNR.  
 
Figure 17. Constellation diagram for M-PSK a) 8-PSK, b) 32-PSK, c) 64-PSK 
 
 
6.3. Comparison of Classical and 
Synthetic Instruments  
 
Comparison  of  measured  parameters  is 
summarized in Table 1. Comparison of  
Traditional instruments versus Synthetic 
instruments are summarized in Table 2. 
 
 
 
 
Table 1.  Results obtained (Equipment NI-PXI and R&S) 
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7 CONCLUSION  
 
The  main  contribution  of  this  paper  is 
introduction  to  new  approach  in 
measurement of digitally modulated signals 
by  using  of  measuring  instruments,  which 
are  known  Synthetic  Instruments.  The 
practical  measurements  revealed  that  the 
results achieved by measuring systems based 
on  synthetic  instrumentation  are  very 
satisfactory.  The  results  of  these 
measurement  are  compared  with  results  of 
measurement  from  standalone  specialized 
measuring  instruments.  One  of  the  biggest 
advantages  of  software  defined  measuring 
instruments based on PXI platform is the fact 
that engineers and scientists can largely re-
use  the  same  equipment  when  there  is  a 
change in the requirements for testing. This 
is  especially  important  for  research,  OEM 
(Original  Equipment  Manufacturer)  and 
EMS  (Electronic  Manufacturing  Services), 
which produce many different models. Such 
test  systems  today  are  able  to  perform 
parametric tests for many different protocols 
such  as  GSM,  CDMA,  SCDMA  and  TD-
SCDMA. The results of experiments prove 
the  equivalence  of  proposed  system  and 
traditional  instruments  and  systems.  The 
comparison indicates just minimal difference 
in  measured  degradations  and  deviations, 
which  are  acceptable  within  the 
manufacturer-defined  tolerances.  It  is 
difficult to predict future trends or the ways 
users  will  embrace  technology.  Synthetic 
instruments  are  the  future,  especially  the 
branch dealing with the data transfer issues, 
where  the  advance  of  new  technologies  is 
most progressive [10]. 
 
 
Figure 17. The timeline of measuring technologies.  
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